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Abstract. In this paper, we make a strength calculus of products manufactured by cylindrical broaches. In this 
paper it is presented the strength calculus of a product when it is made the finishing process of a hole made with 
a cylindrical broach The main purpose of this study is to determine equivalent stress relations that can be useful 
for an engineer in the design situation. The simplifying assumptions and the equivalent stress relations are 
presented from an original point of view. 
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1. INTRODUCTION 
 
The  cylindrical  broaches  are  cutting  tools  of  high-leveled  productivity,  used  at 
manufacturing processing of annular pieces, various inner channels, and also at simple or 
profiled  plane  outer  surface  processing.  The  cylindrical  broaches  are  high-leveled, 
constructive and operational complexity tools, fact that lead to a high-cost price. From this 
reason, it is only used in mass productivity or in operations found in lots of adjusting strips. 
In  this  paper,  we  present  a  strength  calculus  method  for  a  product  which  is 
manufactured by cylindrical broaches (it is taken into account the finishing process of an 
annular product; so, the product is prepared for the next chipping process - grinding). We will 
obtain a complex loading variant which is solved by using the simplifying assumptions from 
the Strength of Materials (the strength calculus will be made in the hypothesis of plate). The 
main purpose of the study is to determine direct equivalent stress relations, which can be 
useful to design engineers. The simplifying assumptions and the equivalent stress relations are 
presented from an original point of view. We will also study the stress variation in function of 
the variable radius R and of the thickness H.   
 
2.  THE  STRENGTH  CALCULUS  MODELLING  FOR  PRODUCTS 
MANUFACTURED BY BROACHES 
 
In the  case of long semimanufactured articles, the schematization of their loading 
phenomena is reduced to a simple bar, embedded at one end and free at the other, where it   Fiabilitate si Durabilitate - Fiability & Durability    No 1/ 2013 
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acts the main cutting force. In this case, the semimanufactured article is simple loaded, to 
compression. If the product has a diameter less than the length by 7..15 times, then it is loaded 
to buckling. These loadings are very simple to be studied and can be found in any book of 
Strength of Materials. The most important case in the cutting process with broaches, is the 
manufacturing of annular products that have small thickness (it is less than 1/5 from the 
diameter). In this case, the semimanufactured article strength is determined in the hypothesis 
of plates. The product is embedded at the outer end and the cutting force acts on the inner side 
(according to the scheme from fig. 1). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. The loading scheme of the product during the broaching process 
 
In order to determine the bending moments (circumferential and radial), we must solve 
the differential equation: 
                                                                                                 (1) 
 
 
In (1) we have marked with: φ the plate spinning angle, R the independent variable 
that characterize the distribution of the bending moments, T is the shear force and Λ is the 
plate stiffness determined with (2). 
                               Λ= E∙H
3/[12∙(1-ν
2)]                             (2) 
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In (2) we have marked with E the elasticity modulus of the plate material, ν is the 
Poisson ratio and H is the plate thickness. 
The equation (1) can be written with the form presented in (3). 
 
                                                                            (3) 
 
Using the double integration we obtain the form (4). 
                   φ= C1∙R+ C2∙R
-1- Λ∙R∫[R∙∫TdR]dR                (4) 
In (4) we have marked with C1 and C2 the integration constants that can be determined 
from the limit conditions that are used for every specific case. For the case presented in fig. 1 
we use the conditions (5). 
R= 0,5∙D1 => Mr= 0 
                              R= 0,5∙D2 => Mr= 0                            (5) 
We have marked in (5) with Mr the radial bending moment. 
Furthermore, if we want to determine the displacement w of the plate, we integrate (4) 
and we insert the limit condition (6). 
                             R= 0,5∙D2 => w= 0.                             (6) 
After determining the plate spinning angle, we can determine the bending moments 
(circumferential and radial) with (7). 
 
 
                                                                                                                (7) 
 
 
In  (7)  we  have  marked  with  Mt  the  circumferential  bending  moment.  Also,  the 
connection between φ, Mt and Mr is given by (8). 
                             2 1 r t M M                           (8) 
The chipping force that appear in the broaching cutting process can be determined 
with (9) (from Stoian (2004)[9]). 
                            F= 10∙Cp∙a
x∙D1∙kγ [N]                          (9) 
In relation (10) we have marked with Cp a material constant that is found in tables in 
the engineering literature and it depends on the product material; a [mm] is the over ascension 
on the broach tooth; x is a factor that depends on the broach type and on the material product 
(it takes values between 0,85 and 0,6); D1 [mm] is the inner diameter of the product; kγ is a 
factor that depends on the broach tooth geometry. 
By solving (4) and by inserting the limit conditions (5), we obtain the final relations 
for the bending moments (10). 
 
 
                                                        (10) 
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If we want to determine the bending moments distributions, we will consider the next 
particular case: 
a= 0,044 mm; x= 0,85; D1= 45 mm; D2= 60 mm; kγ= 1,1 
The  bending  moments  distributions  depending  on  the  radius  R  and  on  the 
manufactured material (characterized by the coefficient Cp) are presented in fig. 2 and 3. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. The Mr distribution 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. The Mt distribution 
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After determining the radial and circumferential bending moments, we calculate the 
stresses with (11). 
We have marked in relation (11) the next parameters: σr is the radial stress; σt is the 
circumferential stress; H is the plate thickness; ι is a variable that takes values between ± 0,5H 
and  characterize  the  stress  distribution  on  the  plate 
thickness. 
 
                                                                                                                                                                                                                                                      (11) 
 
 
The stress distributions on the radius R and on the ι height are presented in fig. 4 and 
5. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4. The σr stress distribution 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5. The σt stress distribution 
 
The maximum stresses on the inner contour and the outer contour of the plates are determined 
with (12). 
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                                                                                                                                                                                                                                                                                                   (12) 
 
 
 
 
 
In (12) we have marked with kr1, kt1, kr2 and kt2 some factors that depend on the D2/D1 
ratio and that can be found in the engineering literature (see Ponomariov (1963) [6]). 
The  equivalent  stresses  (with  the  IV  B  theory  Ilincioiu  (2010)[3])  stresses  are 
determined with (13), which must be less than the σa- the material admissible stress. 
 
                                                                                                                                                                                                                                                      
(13) 
 
 
 
 
 
 
3. CONCLUSIONS 
 
In this paper, we have presented a method for strength calculus for products that are 
manufactured by broaching. We have determined calculus relations for the bending moments. 
From fig. 2 and fig 3 we can see: 
- the bending moment increase with the radius increase; 
- the bending moments increase with the hardness of the products. 
  We have considered that the product is made from 1C45 (equivalent to OLC45 from 
the old standards). We have obtained the stress distributions (fig. 4 and fig. 5) depending on 
the radius R and on the thickness parameter ι. From fig. 4 and fig. 5 we can obtain the next 
general conclusions: 
  - the stresses have maximum values on the lower part of the plate, at its outer contour; 
  - the stresses are higher on the lower part than of the upper part; 
  - the stress distribution, as geometry, on the radius and on the thickness, has a so-
called form of saddle (for an example of this kind of geometry, see Stănescu (2003)[7]).   
In the end, we have also determined the maximum values of the circumferential and 
radial stresses. 
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